The KWS-2 SANS diffractometer is dedicated to the investigation of soft matter and biophysical systems covering a wide length scale, from nm to µm. The instrument is optimized for the exploration of the wide momentum transfer Q range between 1x10 -4 and 0.5 Å -1 by combining classical pinhole, focusing (with lenses), and time-of-flight (with chopper) methods, while simultaneously providing high-neutron intensities with an adjustable resolution. Because of its ability to adjust the intensity and the resolution within wide limits during the experiment, combined with the possibility to equip specific sample environments and ancillary devices, the KWS-2 shows a high versatility in addressing the broad range of structural and morphological studies in the field. Equilibrium structures can be studied in static measurements, while dynamic and kinetic processes can be investigated over time scales between minutes to tens of milliseconds with time-resolved approaches. Typical systems that are investigated with the KWS-2 cover the range from complex, hierarchical systems that exhibit multiple structural levels (e.g., gels, networks, or macro-aggregates) to small and poorly-scattering systems (e.g., single polymers or proteins in solution). The recent upgrade of the detection system, which enables the detection of count rates in the MHz range, opens new opportunities to study even very small biological morphologies in buffer solution with weak scattering signals close to the buffer scattering level at high Q.
Introduction
Soft and biological materials show a rich variety of morphologies that are characterized by features such as self-organization and self-assembly of elementary units to larger, complex aggregates. They also show cooperative interplay with a large number of degrees of freedom; weak interaction between the structural units, and thus high sensitivity to external fields; and spatiotemporal correlations that can span a broad range, from nanometers to millimeters and from nanoseconds to days. Because of the large range of relevant length-and timescales, the experimental characterization of the properties of these materials are very challenging. Scattering techniques with neutrons play an important role in the investigation of the structure, dynamics, and thermodynamic properties of such complex systems. As unique probes, neutrons offer the advantage of different interactions between the 1 Elastic scattering experiments deliver information about the structure and morphology of a sample. The scattered intensity is measured in reciprocal space as a function of the momentum transfer Q, where Q=4π/λ sin Θ/2, with λ -the neutron wavelength and Θ -the scattering angle; this is then translated into real space through an inverse Fourier transformation. Thus, large Q values relate to short length scales, with the inter-atomic correlations investigated by classical neutron diffraction (ND). At small Q values, large length scales can be explored by smallangle neutron scattering (SANS). Typically, single or assembling synthetic or natural macromolecules in solution, melt, film, or bulk samples are characterized over a wide length scale, from nanometer and micrometer sizes, via the application of the classical pin-hole SANS and the ultra-SANS (based on focusing or single-crystal diffractometry) techniques. However, the combination of different methods or facilities for achieving a complete structural characterization is sometimes difficult because of issues such as available amount of sample, stability of samples over long timescales, reproducibility of effects in special thermodynamic conditions, and the joint analysis of experimental data obtained in different experimental geometries. Moreover, the studies that deal with structures and fast structural changes that are characterized by high space or time resolution are very challenging, requiring very special experimental setups. Therefore, the development of highly versatile SANS instruments, where limits can be pushed beyond the typical configuration in an easy and practicable manner, is beneficial for meeting all special demands from the user community.
The SANS diffractometer KWS-2 (Figure 1) , operated by the Jülich Centre of Neutron Science (JCNS) at the Heinz Maier-Leibnitz Center (MLZ) in Garching, was originally a classical pinhole SANS instrument benefiting from a high neutron flux (Supplementary Figure 1) delivered by the FRM II neutron source 1 and the dedicated guide system [2] [3] [4] . After repeated upgrades, the instrument was optimized for the exploration of a wide Q range, between 1x10 -4 and 0.5 Å -1
, providing high neutron intensities and an adjustable resolution. With the availability of specific sample environments and ancillary devices (Table 1) , the instrument can be equipped to study soft matter and biophysical systems over a wide length scale, from nm up to µm, through static measurements; it can also perform time-resolved investigations of structures and morphologies at equilibrium or under transformation due to kinetic processes, spanning a wide time scale between minutes and tens of milliseconds. In conventional working mode (Figure 2A) , a Q range between 7x10 -4 Å -1 and 0.5 Å -1 can be covered through the variation of the sample-todetector distance and/or the wavelength. Therefore, structural levels and correlation effects on a length scale from 10 Å up to 9,000 Å can be inspected in real space (where the dimension is considered as 2π/Q). The selection of the wavelength, between 4.5 Å and 20 Å, using a mechanical monochromator (velocity selector) that provides a wavelength spread Δλ/λ= 20%, the variation of the collimation conditions (collimation length L C and aperture openings, A C -the entrance aperture, following the last neutron guide segment in beam, and A S -the sample aperture, just in front of the sample) and of detection distance L D are done automatically, via computer control.
Considerable upgrades on the intensity on the sample, the instrument resolution, the minimum momentum transfer Q m , and the fast detection at high count rates in the MHz range were carried out recently, aiming to boost the instrument performance. During this process, the instrument was equipped with additional features.
There is a double-disc chopper 5 with variable slit openings (Supplementary Figure 2) and time-of-flight (TOF) data acquisition mode. The chopper can be operated at a varying frequency f chopper between 10 Hz and 100 Hz and at angular openings of the two chopper windows between angles of 0° ≤ Δφ ≤ 90° by changing the positioning of the two discs with respect to each other. The improvement in wavelength resolution Δλ/λ is achieved by shortening the opening time of the neutron guide τ w by decreasing Δφ and/or increasing f chopper . The resulting pulses recorded on the detector are split in an appropriate number of time channels that match τ w in width and are characterized by the aimed Δλ/λ.
There are also focusing elements made of magnesium fluorite MgF 2 parabolic lenses 6 with a diameter of 50 mm (Figure 1 ). 26 MgF 2 lenses are grouped into three packages (4+6+16 lenses) that can be moved independently in the beam to achieve focusing conditions with different wavelengths λ= 7-20 Å. In order to increase the transmission by reducing the scattering on phonons in the lens material, the lenses are kept at 70 K using a special cooling system.
There is a secondary high-resolution position-sensitive scintillation detector with a 1 mm position resolution and a 0.45 mm pixel-size. The detector is typically placed in the tower on the top of the vacuum tank at a fixed distance L D = 17 m and can be vertically moved in or out of the beam (Figure 1) . The main detector is parked in the end position of the tank at 20 m, while the secondary detector is moved in the beam when high-resolution investigations (low Q) using lenses are being performed 4, 7 . The secondary detector is placed in one focal point of the lens system, while a small entrance aperture at L C = 20 m would be, in this case, in the other focal point.
There is a new main detection system that consists of an array of 144 3 He tubes (with a global efficiency per tube of 85% for λ = 5 Å) and that defines an active detection area equivalent to 0.9 m 2 ( Figure 1) . Innovative rapid readout electronics mounted in a closed case on the backside of the 3 He tube frame improves the read-out characteristics and reduces background noise. The new system that replaced the old scintillation detector ( 6 Li scintillator and an array of 8x8 photomultipliers, Figure 1 ) is characterized by an effective dead-time constant of 25 nsec and an overall count rate as high as 5 MHz at 10% dead-time for flat profiles. These features are due to the fact that the system contains independent channels operated in parallel, which is an advantage over systems that experience dead-time after an event. The much higher count rate shortens the measurement times and therefore increases the number of experiments that can be performed in the same time period.
With all these innovations, the instrument became a highly versatile tool that can address a broad range of structural studies by offering multiple working modes ( Table 2 ) that can be selected and used in a direct and user-friendly manner. In the high-intensity mode (Figure 2B ), up to twelve times the intensity gain compared to the conventional pinhole mode for the same resolution can be achieved with lenses by increasing the sample size. In the tunable resolution mode with chopper and TOF data acquisition, improved characterization of the scattering features within different Q ranges are enabled by the possibility to vary the wavelength resolution Δλ/λ between 2% and 20% 5 . In the extended Q-range mode (Figure 2C ), using lenses and the secondary high-resolution detector, a Q m as low as 1 x 10 -4 Å -1 can be achieved, which, in combination with the pinhole mode, permits the exploration of sizes over a continuous length scale from the nm to the micron range. The use of a chopper for narrowing Δλ/λ provides accurate beam characteristics by avoiding gravity and chromatic effects when using the lenses. In the real-time mode, by exploiting the high intensity and external triggering of data acquisition by sample environments, structural changes can be resolved with time Figure 5) . 1. Choose the twelve samples that must be measured (as shown in Figure 3 ) from the list of known samples in the left vertical field and move them to the Selected Samples field using the blue arrow. Order the list of the selected samples by using the blue vertical arrows. 2. Check the sample parameters and adjust the name, thickness, and comment, if necessary. Leave the menu by clicking Save or Close. Figure 6 ). Figure 6) is completed. Hit Save or Close in the Definition of Measurements menu when the adjustment of the experimental setup and working modes is finished. 4. Sort the list of measurements according to the three loops (sorting conditions) shown at the bottom of the menu that is generated by the program (Supplementary Figure 7) . Remove the measurements that are not desired by marking the corresponding line and clicking the "X" button marked in red. Adjust the measurement time for each measurement as desired by checking the total defined measurement time in the central field, marked in red, in the kws2 Definition menu, which always remains active on the screen. 5. Leave the menu with Save or Close and return to the kws2 Definition menu (Supplementary Figure 5) . Close the kws2
Select the Detector function to activate the Definition of Measurements menu (Supplementary
Definition menu and return to the main menu (Supplementary Figure 3) . Figure 11) and generate the infotable that contains the files to be processed. Define the table name by clicking the left set of green arrows on the Header(s) field. Load the measured files by clicking the right set of green arrows on the Header(s) field and selecting the measured files. NOTE: The info-table that contains the complete information about each measurement file is stored in the explorer-like menu in the lower part of the project. All results that will be generated later in the project will be stored there. Figure 12) and generate the active mask that defines the area of the detector that will be considered for data processing. Enter values in the Edge and Beam-Stop fields for defining the lower-left and upper-right corners of the rectangular mask in the case of the analysis of isotropic scattering patterns. 5. Activate the Sensitivity function in the right-side menu (Supplementary Figure 13) and generate the detector sensitivity for a certain configuration by entering in the marked green fields the run numbers for the measurements of the standard sample (Plexiglas), empty beam (EB), and blocked beam (B4C). 1. Click on the set of green arrows next to the yellow field (Transmission) for calculating the transmission of the standard sample. Generate and name the sensitivity matrix by selecting Calculate as New, and visualize the generated matrix by using the appropriate plot functions in the lower menu. Repeat this procedure in case of other configurations. Figure 14) and generate the correction and calibration table and the script table in order to correct, calibrate, and perform the radial averaging of the data. Figure 14) in order to load the information needed for data processing from the defined files and to calculate the transmission of the empty cell. Click the head of each yellow column in order to define the column name. 4. Click the New button in order to generate and name the table of the data files that will be processed. Click the Add button in order to load the data files that will be processed. Click the Tr button indicated with the set of rotating green arrows under the Script- Table Tools area in order to calculate the transmission of each sample. Check the results in the generated table (Supplementary Figure 14) . Figure 14) in order to save all results as tables or matrices in the current qtiKWS session (project). Click the I[x,y] button in order to perform the correction and calibration of two-dimensional data. Click the I(Q) button in order to perform the correction, calibration, and radial averaging of the data. Plot the results using the graphical functions under the Graph (Supplementary Figure 15) option. NOTE: All results will be generated as external files that will be saved in the external folder that was defined in step 5.2, when, in the lower-right corner of the interface, File is chosen instead of Project. Figure 16) from the sum-tof-file using the graphical options under the Graph function in the upper functions menu. 2. Define the processing parameters in the fields of the TOF function. Click the TOF|RT :: All Selected Steps :: Proceed button in order to load the data files that will be separated into single files corresponding to each of the defined time slots. NOTE: Files that contains data measured in every time slot are generated and stored in the file location defined in step 5.2 and receive the name of the original TOF file, followed by the number of the time slot. 3. Proceed as in step 5.6 in order to analyze the data measured with improved resolution, corresponding to Δλ\λ aimed , using the chopper. Figure 18B) . Select the ASCII.2D option in the right-side menu. Activate the 2D Masking function in order to define a special sector on the detector that will be considered for the data analysis. 
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Representative Results
Representative results of a successful experiment that was carried out with the KWS-2 in different working modes on the structure and morphology of two representative types of soft matter systems are given in Figures 8-11 . These results are from the investigation of a series of polystyrene standard-size particles in D 2 O/H 2 O solutions, with a D 2 O content of 90%, and of the fully-protonated diblock copolymer C 28 H 57 -PEO5 in D 2 O at a high polymer volume fraction (12%). The polystyrene standard-size particles, with radii of R = 150, 350, 500, and 1,000 Å were used to test the conventional pinhole mode using different combinations of detection distances L D and wavelengths λ. Larger-sized particles (R = 4,000 Å) were used to test and commission the extended Q-range mode. The diblock copolymer that yields an ordered micellar structure at high concentrations of D 2 O was used to test and commission the tunable resolution mode. Figure 8 presents the results of the two-dimensional scattering patterns measured in pinhole mode using the main detector (the old scintillation detector) and in the extended Q-range mode using the focusing lenses and the high-resolution secondary detector. Figure 8A represents the scattering pattern from polystyrene particles with R = 500 Å measured at L D = 8 m by using λ=5 Å. Figure 8B shows the scattering pattern from polystyrene particles with R = 1,000 Å, collected at L D = 20 m by using λ= 20 Å. For the measurements performed with λ = 5 Å, the direct beam was collected on the central beam-stop installed in front of the detector, and the transmitted beam could be monitored with a small 3 He counter that was installed in the middle of the beam-stop. This is the so called Monitor 3 (Supplementary Figure 8) . The instrument has two additional 3 He counters, which are installed in front of the velocity selector (Monitor 1) to monitor the polychromatic beam, and behind the velocity selector (Monitor 2) to monitor the monochromatic beam. Due to technical limitations, the measurements with λ = 20 Å were performed with the direct beam on the detector, which was the typical setup used with the old KWS-2 detector. The weaker, direct beam intensity at long wavelengths, which drops down due to gravity, could be detected without damage caused to the detector. The transmitted beam in this case was monitored with Monitor 3 at a short detection distance L D = 2 m. In this case, the gravity effects are weak and the direct beam falls on the beam-stop (like in the Figure 8A) . The data collected two-dimensionally on the detector for a pixel size of 5.25 mm x 5.25 mm were further corrected for the detector sensitivity, and the contributions from the empty cell, instrument background, and solvent were absolutely calibrated using the scattering from the Plexiglas secondary standard 4 . Finally, the scattering patterns that were isotropically distributed around the position Q→0 were averaged radially, which delivered the dΣ/dΩ for each polystyrene particle system.
The two-dimensional scattering pattern from the large polystyrene particles (R = 4,000 Å) is shown in Figure 8C , as it was measured with the high resolution detector for a pixel size of 0.5 mm x 0.5 mm. The small direct beam is focused by the lens system on the detection plan and is captured by a small beam-stop (4 mm x 4 mm) installed on the detector face. The shadow from the quadratic beam-stop can be observed in Figure 8C in the upper-left side of the active detector area. The gravity effects induce a wide vertical distribution of neutrons of different wavelengths on the detector. Additionally, because the lenses are focused perfectly, only the neutrons characterized by the central wavelength λ of the triangular distribution are delivered by the velocity selector 2, 5 ; the neutrons of different wavelengths around the central one arrive on the detector slightly out of focus. These two effects yield the weak direct beam traces that can be observed just above and below the beam-stop. In the static extended Q-range mode using lenses and the high-resolution detector, the data are collected continuously. In order to diminish the contribution of gravity effects, the scattered data are analyzed in a narrow angular sector that starts from the beam-stop and stretches horizontally to its right, as depicted in Figure 8C . The data are processed further using the typical approach for achieving the dΣ/dΩ. Figure 8D presents the intensity versus the position from the beam-stop towards the rim of the detector, as it was collected in a narrow horizontal slice with a width of 1 pixel (0.5 mm) on the high resolution detector. Data from the sample solution and the reference (solvent) are shown as they were collected in a short test measurement of 5 min. The drop of intensity at short positions is due to the beam-stop. From the ratio of the intensities at the shortest positions, the sample transmission (87%) could be estimated.
The corrected and calibrated results obtained in terms of dΣ/dΩ on the solution of the polystyrene particles with R = 500 Å are shown in Figure  9 , together with those from the solvent. These results illustrate the Q range that can be covered with the KWS-2 in conventional pinhole mode through the variation of the detection position L D and the use of one or more wavelengths. The form factor features 8, 9 of the spherical particles are also revealed: the Guinier region at low Q and the oscillations due to the spherical Bessel function in the intermediate Q range. In the high Q range, the scattering profile is dominated by the scattering from the solvent, and therefore it shows a flat behavior, like that from the solvent itself. The form factor minima are affected by the instrument resolution 5 on the one hand, and by the particle size polydispersity on the other hand. The instrument resolution in the case of the KWS-2 is mostly determined by the wavelength spread of Δλ/λ= 20%. The size polydispersity for all types of particles was about σ R = 8%. Figure 10 shows the results obtained in the SANS investigation of all types of polystyrene particles expressed as dΣ/dΩ after the correction for the solvent contribution was applied. The Guinier regions are clearly evidenced for all particles towards low Q values, while in the high Q ranges, the slope of -4 is revealed, which is typical for the form factor of the spherical objects. The structural parameters of the standard-size particles were confirmed by the fit of the data with the form-factor of polydisperse spheres 8, 9 convoluted with the resolution function of the instrument [10] [11] [12] . Figure 11 presents the two-dimensional and the radially-averaged one-dimensional scattering patterns from the ordering structure of C 28 H 57 -PEO5 polymer micelles that occurs in D 2 O at a polymer volume fraction of 12%. The results were collected at different detection distances L D , with both conventional pinhole and tunable resolution modes combined in the same measurement session. When the system is investigated in the conventional pinhole mode using the wavelength spread of Δλ/λ= 20%, as provided by the velocity selector, and continuous (static) data acquisition, three broad peaks are observed in the scattering patterns at L D = 4 m. In the tunable resolution mode, by using the chopper and the TOF data acquisition in combination with the velocity selector, the wavelength spread can be improved so that it can be checked whether these features are real or if a fine structure of them will eventually appear. The first and second peaks observed at Δλ/λ= 20% reveal a splitting when they are measured with Δλ/λ= 5%, which enabled the clear identification of the ordering of micelles into face-centered cubic (fcc) crystals 5, 13 .
These are two typical examples of how the versatility and performance of the KWS-2 SANS diffractometer can be used in an easy and userfriendly way by following the provided protocol for conducting detailed investigations on soft matter and biophysical systems that show complex structural features in terms of length scale and ordering. 
Supplementary Figure 4:
View of the kws2-Configuration menu and Sample configuration functions. The users must fill in information in the UserData fields first and then do the configuration of samples. The fields that must be filled and the actions that must be taken are marked in red. Please click here to download this figure.
Supplementary Figure 5:
View of the kws2 Definition menu and Select Sample functions. The actions that must be taken by the user are described in step 4.3. Please click here to download this figure.
Supplementary Figure 6:
View of the kws2 Definition menu and Definition of Measurements functions. The actions that must be taken by the user are described in step 4.3. Please click here to download this figure.
Supplementary Figure 7:
The measurement program generated by combining the defined samples and the defined experimental conditions. The actions that must be taken by the user are described in step 4.3. Please click here to download this figure.
Supplementary Figure 8:
The kws2-Measurement control menu and the Current Values option. The fixed parameters (positions, names, wavelength, etc.) and the variables (time, intensities, count rate, etc.) that characterize the running measurement are displayed. The actions that must be taken by the user are described in step 4.4. Please click here to download this figure.
Supplementary Figure 9:
The Live-Display option with the KWSlive_MainWindow menu and different data visualization options. The Surface visualization mode is selected. When the Radial average mode is selected (right-side image), the setting of parameters can be found under the Options menu Please click here to download this figure.
Supplementary Figure 10:
The main interface of the data reduction software qtiKWS with the options for the selection of the instrument and the location of the experimental and processed data. Please click here to download this figure.
Discussion
Soft matter and biophysical systems are typically characterized by structural correlations and interrelated microstructural and morphological levels that span a wide length scale, from nm to microns. To understand the mechanism of formation and evolution of the morphology of such systems and the relationship between their microscopic features and macroscopic properties, it is important to explore their microstructure over the entire length scale and under relevant environmental conditions (e.g., temperature, pressure, pH, humidity, etc.). Typically, small-angle scattering techniques with neutrons (SANS) or synchrotron X-rays (SAXS) are involved in such studies. The intensity drawback of neutrons versus synchrotron X-rays is compensated by the use of comparatively large Δλ/λ, which however leads to the worsening of the instrumental resolution. Nevertheless, SANS provides unique advantages due the possibilities offered by the contrast variation, especially between the hydrogen isotopes. Therefore, SANS is an experimental method specifically used in the study of soft matter and biophysical systems, for which it delivers unique structural and morphological information. Most of the SANS diffractometers worldwide 21 work on the pinhole principle (Figure   2A ), which enables the aimed low-Q resolution. Practically, all high-flux SANS diffractometers have a similar maximum flux on the order of 1 x 10 8 n cm -2 sec -1
. Based on the relaxed wavelength resolution, the KWS-2 has a nearly doubled flux 2, 4 . Recently, very specialized SANS diffractometers became operational to serve with optimized characteristics for a specific range of applications, such as for investigations at very small scattering vectors 22, 23 . With the very recent commission of the specialized TOF-SANS diffractometers at steady-state reactors 24 or spallation sources 25, 26 , a massively-increased dynamic Q range in a given experimental setup and increased flexibility and optimization regarding the choice of the experimental resolution are offered. For the KWS-2 SANS diffractometer, a high level of versatility and performance required for very specific structural studies in the field of soft matter and biophysics is enabled on an otherwise classical SANS instrument. The optimization, flexibility, and spontaneity in designing and conducting complex studies, as supported by the described protocol, is achieved through the combination of the optimized experimental parameters (e.g., intensity, length scale, space resolution, and time resolution) and the complex sample environments. Using the multiple working modes enumerated in the Introduction and supported by the results presented in Figures 8-15 , the KWS-2 enhances in an easy and practical manner the performance of a classical SANS diffractometer at a steady neutron source (reactor) beyond the conventional limits of such instruments.
This protocol presents the steps that a regular user must carry out to define and conduct a simple experimental program that involves only the investigation of samples at ambient thermodynamic conditions (temperature, pressure, relative humidity) and under static conditions (no kinetics of structure formation or transformation, no shear or flow). Several temperature-controlled holders or special sample environments ( Table 1 and Supplementary Figure 19) , such as pressure cells, rheometers, or humidity cells, are available and can be optimally installed and adjusted with special assistance from the instrument team. This protocol does not provide instructions about the settings and controls of such equipment. The definition and activation of external controllers require the use of another, more complex protocol. This protocol presents the case of working with quartz sample cells of a narrow rectangular shape (Figure 3) . However, a broad range of cell geometries and types ( Supplementary  Figure 19) is offered to users, in order to provide increased flexibility and efficiency in conducting the experiments. In the case of using such cells, the present protocol may be followed with the adjustment of the parameters discussed in step 4.2.2. The measurement control software has been developed to offer the users increased flexibility in pursuing their scientific goals and optimization in the technical operation of the instrument. All adjustments and configurations of special functions and components of the instrument are done by the instrument team. The involvement of the scientific users in the configuration, definition, and utilization of the instrument is simplified and specifically limited only to those aspects that are in connection with the scientific issues of the experimental session. Configuration files are predefined in order to cover all special experimental issues, such as the positioning of special holders in the beam, the sample positioning in the beam (coordinates x, y, Furthermore, this protocol presents how the measured data can be corrected for different scattering contributions from the instrument and the references and calibrated in order to obtain the sample's differential scattering cross section, dΣ/dΩ, expressed in cm -1 . This quantity contains the entire structural and morphological information about the sample and is measured over a wide Q range corresponding to a broad length scale, over which structural correlations and interrelated size-levels characteristic of the investigated system appear. The scattering cross section dΣ/dΩ thus relates the intensity measured in a static scattering experiment at an angle Θ, I s =f(Θ) to the structural properties of the sample.
For the evaluation of dΣ/dΩ for a system of interest, besides the measurement of the system, additional measurements are needed in order to correct the data for any external scattering (i.e., environment, sample cell, solvent or buffer solution in the case of solute systems, etc.) and to calibrate the corrected data in absolute units 8 . The external background (sample cell or container), the reference sample (solvent or buffer solutions), the sample transmission (needed for the correct background subtraction and calibration of the corrected results in absolute units), the electronic background of the detector, the detector sensitivity (inhomogeneity in detector efficiency that is inherent for area detectors), and the normalized standard sample should also be measured. For the KWS-2, Plexiglas (PMMA) is used as standard sample. This is the so-called secondary standard and is periodically calibrated against a primary standard sample, which is vanadium. Vanadium delivers a very weak scattered intensity and requires very long measurement times for collecting the appropriate statistics; therefore, it is impractical for SANS purposes. The intensity collected from the sample of interest I S and from the standard sample I St can be expressed as follows:
where I 0 represents the incoming intensity (delivered by the collimation system), t is the thickness, A is the area exposed to the beam, T is the transmission, and Δψ is the solid angle at which a detection cell is seen from the sample position. If both sample and standard are measured in the same conditions with respect to the incoming beam (i.e., L C , A C and A S , and λ and Δλ/λ), I 0 and A are the same and the solid angle is expressed as A D /L D (with A D representing the area of a detection cell). By dividing the two relations, the scattering cross-section of the sample is obtained as: [3] where the I St is expressed as an average (the standard as an incoherent scattering system delivers a flat scattering pattern). The I S is obtained after correcting the measured intensity of the sample in the cell (container) with respect to the contribution of the empty cell I ECell and the background on the detector for the closed beam, I B . The factor t St T St (dΣ/dΩ) St , which contains the scattering and physical parameters of the standard sample, depends on the neutron wavelength λ and is typically known from the calibration of the standard sample. Thus, it is tabulated in the data reduction software 4 . The parameters and quantities in Eq. 3 that are known from calibration procedures and the definition of the experimental setup (t S , L D ) form the so-called calibration factor k. The intensities and the sample transmission T S that appear in Eq. 3 must be measured. The data analysis program qtiKWS enables the correction, calibration, and radial averaging of the experimental data and the achievement of dΣ/dΩ for the investigated samples in a flexible and versatile working mode. The final results generated with the qtiKWS software are presented as tables with four columns: Q, I, ΔI, Δσ where I represents dΣ/dΩ and Δσ is the Q resolution 5 .
From a practical point of view, with the KWS-2, combined SANS and USANS investigations can be carried out, with the advantage that the sample geometry and the thermodynamic conditions remain constant. Large morphologies that show multiple structural levels spanning a wide length-scale from nanometer to micrometer sizes can be investigated in a direct way, as shown in Figure 12 . Besides the small-scale structural limit R C observed in the scattering curve measured in the conventional pinhole mode, by activating the lenses and the high-resolution detector, the large-scale structural limit L C of cylindrical core-shell micelles formed by the poly-(hexylene-oxide-co-ethylene-oxide) PHO10k-PEO10k diblock copolymer (fully protonated) in D 2 O 14 could be observed at very low Q values in the extended Q-range working mode. The cylindrical micelles are characterized by a total thickness of about 300 Å and a length of about 7,000 Å, as revealed by the fit of the experimental results with the core-shell cylindrical form-factor 9, 14 . Therefore, certain sensitive effects such as thermo-responsive gels or formation and growth of crystalline or partially-crystalline morphologies can be unambiguously explored with the KWS-2, unlike the classical approach of involving two or more different instruments and sample geometries.
As presented in Figure 11 , correlated systems and ordered structures can be studied with adapted resolutions in a very flexible way, without spending time and effort on the installation of complex monochromatization systems, which would involve additional care and safety aspects. Moreover, by involving the chopper and the TOF data acquisition mode, monodisperse soft matter systems or complexes with low size polydispersity can be characterized very precisely at still-high intensities 5 .
The hindrances generated by the weak scattering due to use of highly-diluted systems or unfavorable contrast conditions can be overcome by the use of even higher intensities based on the larger beam size on the sample, while keeping the resolution. Figure 13A reports the scattering patterns from polystyrene particles of a radius of R = 150 Å, measured in the high-intensity mode using the lenses and a quadratic beam size ranging between 10 mm x 10 mm, the typical size used in the conventional pinhole mode, and 30 mm x 30 mm. Additionally, the result from a measurement with a round beam 50 mm in diameter (full lens size) is shown. In parallel, the normalized result obtained in the conventional pinhole mode is presented. Using 26 lenses with neutrons of λ= 7 Å and the same entrance aperture size A C as for the conventional pinhole mode (Figure 2B) , a gain in intensity on the sample of about 12 times is obtained while keeping a constant beam size (resolution) on the detector, as shown in Figure 13B -C. The 27-lens system has a transmission of about 32% at ambient temperature. Cooled down to a temperature of 50 K, the lens transmission increases due the suppression of scattering on phonons in the lens material. The system of 26 parabolic lenses has a transmission of about 65% for a round beam size of 50 mm, when the beam goes through the entire volume of the lens, A long measurement time of several hours for each experimental condition (detection distance L D and sample type) was involved, although the measurements were carried out at short detection distances. The old detector, which has shown limitations regarding the count rate, hindered the use of short collimation distances L C , hence the use of the maximum flux at the instrument. With the commission of the new detection system enabling the use of the full neutron flux, such weak intensities will be measured in shorter times and with improved statistics in the future.
Finally, stimuli-sensitive effects can be studied in a flexible and easy manner by using the special ancillary equipment of the KWS-2. An example is reported in Figure 15 , which shows the SANS patterns from Lysozyme protein in D 2 O buffer and from the buffer collected at different pressures. Special attention has been paid to the investigation of the background and forward scattering from the Lysozyme molecules, used in the performance test of the new pressure cell manufactured in-house by following a design done by PSI, Switzerland. The results were similar to those obtained by Kohlbrecher et al. in a similar study to test the original pressure cell model constructed there 17, 18 . With the KWS-2, further data has been acquired since a pressure of 5,000 bar has been reached. Evolution of the forward scattered intensity from the protein follows a linear behavior, as observed in the study at PSI, Switzerland 18 .
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